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1 Introduction

Ontology is classically defined as “a branch of metaphysitating to the nature and
relations of being”. According to Sowa, an ontology is a catafdte types of things that are
assumed to exist in a domain of interest. The ontology is rE$iom the perspective of a
person who uses a language for the purpose of talking about the domain.p&santythe
ontology represent the predicates, word senses, or concept anohrgfpgs of the language
when used to discuss topics in the domain [1]. Sowa adds: “the ciohif logic with an
ontology provides a language that can express relationships about ties émtihe domain of
interest”. Gruber, more illustratively, sees an ontology, as “arigisn (like a formal
specification of a program) of the concepts and relationshipscémaexist for an agent or a
community of agents” [2]. He also defines ontological commitmerfaasagreement to use a
vocabulary (i.e., ask queries and make assertions) in a waig ttatsistent (but not complete)
with respect to the theory specified by an ontology”.

In the biomedical domain, defining and organizing knowledge has been arctorceeveral
centuries. The system invented by Carolus Linnaeus in the Mlidet8ury for naming, ranking,
and classifying living organisms is still in use today, althougbdified. Another example is
given by Thomas Sydenham, whose work created a framework folagmfication of diseases.
By observing clinical phenomena at the patient’s bedside, he codderv¢he first time the
possibility of a variety of distinct diseases, as opposed to a aleileess caused by the
“imbalance of humours”.

While existing representations of the biomedical domain may beisutf for information
retrieval purposes, the organization of knowledge in these represestasi generally not
suitable for reasoning. In fact, reasoning requires the principledistamtsand organization
usually provided by ontologies.

The objective of the EDICAL ONTOLOGY RESEARCH project isnot to build an ontology of
the biomedical domain. Rather, our goal is to develop methods wherebggiesotould be
acquired from existing resources, as well as validated agdivest knowledge sources. To begin
with, however, we think that shifting the approach from ontologies to semantic spigbe$elp
make progress toward knowledge organization while making it possibbrtitulate this
research project with other projects or applications developed at NLM. We propogestigate
several aspects of semantic spaces in the medical domain inchlefingion, organization,
visualization, and utilization.
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2 Background

In this section, we present the differences between termieslogemantic spaces and
ontologies. We then present the Unified Medical Language SystgiMLS"). Finally, we
examine some aspects of knowledge organization in the components of the UMLS.

2.1 Terminologies, semantic spaces and ontologies

Terminologies, semantic spaces and ontologies, although distinct, endnolght of as a
several levels in knowledge organization, each serving its own purpose.

Terminology is concerned by the naming problem rather thanhbyotganization of
knowledge. Medical terminologies provide a controlled set of langladgés, or terms, attached
to a concept, or meaning, in the biomedical domain. While some mesficahotlogies are flat
lists of terms, also called nomenclatures, others bear some kiratgahization (single-
inheritance or polyhierarchical structures, multi-axial sy3tgh When existing, knowledge
organization in medical terminologies is not necessarily principteconsistent. For example,
while the relation used to define hierarchies is either taxon@saL or meronomic gart of),
most vocabularies allow, often implicitly, other relations to bel Geecreating their hierarchical
structure (e.g.manifestation gf Although such hierarchical structures may prove useful for
information retrieval, they do not support inheritance and thus do not allow reasoning.

With semantic spaces, the objective is essentially to raygrdbe relationships among
concepts. While some relationships are inherited from the strucfiutee terminologies (e.g.,
hierarchies), other relationships can be acquired using Naturabaged’rocessing techniques
(lexical knowledge, based on some degree of resemblance betemes) tor statistical
techniques (statistical knowledge, based on the co-occurrence of comceptsorpus). In
semantic spaces, although the clusters of related concepts thatrohtabe of interest in some
applications (e.g., information retrieval), the semantics of ther-ouncept relationships
acquired through various techniques may not be defined with precisign ¢e-occurring
concepts). Additional constraints are needed for a sound knowledgeerdgpties in order to
support, for example, reasoning.

According to Sowa, in practice, a formal ontology “is spedifby a collection of names for
concept and relation types organized in partial ordering by thestymgpe relation” [1]. These
constraints clearly represent a level of organization thabtisxpected from semantic spaces,
even if a semantic space contains all the concepts needed for represeiviamgdmignain.

Rather than completely distinct structures, terminologies, semngpéices and ontologies
may be thought of as a sort of continuum in knowledge organizatiom fess organized
(terminologies) to more organized (ontologies). Thus, building an ontology not necessarily
mean creating it from scratch, but may rather be achieved bygafiimality and consistency to
the organization of a partially structured set of concept (e.g., a semansg. spac
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2.2 TheUnified Medical Language System

As a source of biomedical knowledge, we will use in particular Wndied Medical
Language System (UMLS), developed and maintained by the Natidmaly of Medicine since
1990. The UMLS is intended to help health professionals and researcketsousedical
information from different sources [4]. The UMLS comprises two amajnter-related
components: the Metathesaufua huge repository of concepts, and the Semantic Network, a
limited network of semantic types [5].

The current version (2001) of the Metathesaurus integrates about 8@@&Epts from
more than fifty families of vocabularies such as the Intevnati Classification of Diseases or
Medical Subject Headings. While the structure of each source vocabulargasve terms that
are equivalent in meaning are clustered into a unique concept. Futkerinter-concept
relationships, either inherited from the source vocabularies or ispdlgifgenerated, give the
UMLS Metathesaurus additional semantic structure. The UMLSlibgilprocess imposes no
restrictions on the source vocabularies prior to integrating teemmst and structure into the
Metathesaurus. Therefore, hierarchical relationships in the hstirus are not expected to
represent homogeneous taxonomic relations, but rather to reflecdetiegal organizational
principles inherited from the source vocabularies.

The UMLS Semantic Network is a network of 134 semantic types tesexhtegorize
Metathesaurus concepts. A definition is given for each semapic fthe semantic types are
organized in two high-level single-inheritance hierarchies, onenfiitiess, one for events. The
isa link allows nodes to inherit properties from higher-level nodes.duitian, associative
relationships divided into five subcategories (physical, spatial, iimadf temporal, conceptual
relationships) are instantiated between the semantic typeg. rE€peesent general high-level
knowledge, such as “drugs treat diseases”. Conversely, Metathesaurgsmutept relationships
instantiate specific low-level knowledge, such as “aspirindrister”. When two semantic types
are linked by some relationship, the relationship may hold or notnprparticular pair of
concepts that have been assigned to those semantic types (ohwiousglyery drug treats every
disease).

Each Metathesaurus concept is assigned to at least one isetypatfrom the Semantic
Network, providing each concept a categorization that is indepenaentits relationships to
other concepts.

2.3 Toward an ontology of the biomedical domain

The organization of knowledge using a two-level structure is fapéoi the UMLS. The
Semantic Network defines and organizes a small number of serhg@ge Assuming that it is
compatible with general upper-level ontologies and that all neededoc&s are present, the
Semantic Network, represented as a type hierarchy, may behthotigas an upper-level
ontology of the biomedical domain.

The organization of the Metathesaurus, on the other hand, relies on diffeneiles. Since
the UMLS does not censor any information provided by the sourcabutasies, hierarchical
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relationships sometimes reflect the several organizationalipigacinherited from the source
vocabularies and may fail to have the properties of partial ogdeglations. For this reason, the
Metathesaurus fails to meet basic ontological requirements.

The categorization of Metathesaurus concepts with semantis tgpézes the link between
the two structures. This link allows Metathesaurus conceptslfieriting properties defined for
types at the level of the Semantic Network. Even though, the @ulitbrganizational structure
brought to the Metathesaurus by the Semantic Network is ndicisaf to turn the
Metathesaurus into an ontology of the biomedical domain.

However, assuming that it is possible to further refine its rorgéional structure, the
Metathesaurus can provide the foundation for an ontology of the biomeldicain. While
semantic spaces are useful representations for informatioevattrontologies are needed for
tasks such as natural language processing and reasoning.

As we said earlier, developing methods whereby ontologies could beeacffom existing
resources is the ultimate goal of theetvcAL ONTOLOGY RESEARCH project. An intermediate,
more achievable goal is to fully exploit the UMLS as a seimmapice. Later, the organizational
structure of the semantic space will be refined in order to tumntoi an ontology. This project is
expected to require basic research (e.g., to study the spgaifithe taxonomic relation in the
biomedical domain) as well as more applied research (e.g.vebogeUMLS-based algorithms
used in applications). A sound, ontological representation of biomedicaldagavis expected
to enable tasks such as reasoning.

The following four sections present aspects of this research ocegamio four major
themes: Definition, organization, visualization and utilization of sgimapaces in the medical
domain.

3 DEFINE

Knowledge associated with a concept, i.e. its definition and itioeships with other
concepts refers to both symbolic representation and statistioamation, from which semantic
spaces can be constructed [6]. Semantic spaces can be de@imeddmantic information
provided by existing terminologies (symbolic knowledge representedelationships among
concepts), knowledge bases, and expert systems (e.g., ruleacts)d Additional information
useful for defining semantic spaces can als@tieactedfrom the medical literature using, for
example, natural language processing techniques (lexical knowleBge)ly, statistical
knowledge acquired, for example, from the co-occurrence of biomedcalepts in large
corpora of text represents a valuable source of knowledge, in coemletm symbolic
knowledge. Figure 1 shows an example of such a semantic space sugotirediconcept
“Heart”, built from symbolic and statistical knowledge available in the UMLS

We studied some formal aspects of the relationships used fesesping knowledge in the
biomedical domain as a prerequisite to defining semantic spAeesave proposed methods for
studying the semantics of the relationships between co-occunumgepts. Knowledge
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acquisition techniques (e.g., using lexical knowledge for automatigisitoon of hyponymic
relations) are useful for both defining and organizing semantmespand some techniques will
be presented in the next section (4). In the future, we plan to expktteods for defining
subspaces and to develop a measurement of the semantic distareznt@abmedical concepts
in the UMLS.
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Figure 1 - Semantic space around the concept "Héarn the UMLS (partial representation)

3.1 Formal aspects of the relationships

The identification and augmentation of relationships among knowledgeusésicnherited
from medical vocabularies has been an early goal in the UMLScpinjel has been recognized
as an important part of the added value in the Metathesaurus. Sonajuitally, we used the
UMLS to study and illustrate the role played by relationshipthénintegration of biomedical
vocabularies, in the broader context of a book about relationships in the zatgamiof
knowledge [7]. We focused on three types of relationships among ®mwsiymy, hierarchical
relationships and explicit mapping relationships, showing how underlyingl&dger structures
are connected through these relationships. For each kind of relat@nal@presented some
formal aspects, we examined how the relationship is implementatiei UMLS, and we
investigated some of the issues raised by this relationshiibiomedical domain. Synonymy-
related issues include the presence of underspecified terms ‘fdodgkin’s disease, not
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otherwise specified”) and classification-specific termg.(€'Other testicular dysfunction”) as
well as the use of implicit knowledge from the context of a terrg., “prostate” for “prostate
cancer” when used in a section about “cancers of genital organs€)pfEsence of circular
hierarchical relationships is one of the issues related to hierarchies.

In a more recent study, we focused on the taxonomic relatithe ibiomedical domain [8].
Taxonomies are commonly used for organizing knowledge, particularly inediome where
the taxonomy of living organisms and the classification of diseasesentral to the domain.
The principles used to produce taxonomies are either intrinsic (pespef the partial ordering
relation) or added to make knowledge more manageable (opposition of sduidgsconomy).
The applicability of these principles in the biomedical domain prasented using the UMLS
and issues raised by the application of these principles Wwestated. While intrinsic principles
were not challenged, we argued that the opposition of siblings sbtimgbear excessive
constraints on a domain ontology and that the adverse effects ofrgcanay outweigh its
benefits.

3.2 Semanticsof therelationships between co-occurring concepts

In order to study how statistical knowledge based on co-occurringpsrmantributes to the
definition of semantic spaces, we analyzed the co-occurrence®fHMescriptors in MEDLINE
citations (1990-1999). 18,485 UMLS concepts involved in 7,928,608 directed pairs of co-
occurring concepts were studied. For each directed pair of concePts @ the “family™ of C,
was built, using the UMLS Metathesaurus, and we tested whethelt @, fi@longed to €s
family; (i) we used the semantic categorization of Metsdlneus concepts through the UMLS
Semantic Network and Semantic Groups to represent the semarttiesrefationships between
C:and G.

In 6.5% of the directed pairs, the co-occurring concepiv&s found within the “family” of
C;. This means that most of the semantics of the relationshipgd®two-occurring concepts is
not redundant with the symbolic knowledge recorded in the UMLS. In te@fs@mantic groups,
the most frequent association is found between two concepts of the @loamitals & Drugs”;
another frequent pattern associates concepts from the groupsrd®is” and “Chemicals &
Drugs”. The semantics of the relationships between co-occucamgepts can be partially
inferred from the pairs of semantic groups. For example, thearedhip between “Disorders”
and “Anatomy” should be mainly “has location”. Nevertheless thatioaship between
“Disorders” and “Chemicals & Drugs” remains ambiguous, sinoeuid be either “treated by”
or “caused by”.

This study will be presented at MEDINFO’2001 [9].

! In addition to the relationships available in thelLS, weredefined hierarchical relationships by combining, for
example, parents and broader concepts into “Faseration Ancestors”, and hierarchically-relatddtienships by
extending the notion of siblings to children otnaaver concepts of parents or broader concepts. [¥dedefined
multiple-level relationships (e.g., Ancestors or Descendants, all the wayeddp or to the bottom of hierarchies),
andcombined relationships (e.g., uncles, the extended siblings of first-gatien ancestors, and cousins, the first-
generation descendants of uncles).
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3.3 Research directions

As a task, definingsemantic subspaces is useful for extracting concepts (and thus
vocabulary) corresponding to a subdomain according to an organ or a body $gsie
cardiology), or to a given procedure (e.g. transplantation). The atdssphat obtain can then be
combined by means of operations such as intersection or union in @miefirte new semantic
spaces. In addition to extracting the vocabulary for a subdomain, appig of semantic spaces
restricted to a subdomain include the disambiguation of polysemous t®rmemparing their
context to several candidate semantic spaces.

Calculating asemantic distance between two concepts is a difficult task because, unlike
vector spaces in algebra used, for example, in multi-dimensionahlalgsis of numeric data,
semantic axes have no built-in scale and there are no absolutesnagplicable to semantic
relations. However, several models have been proposed to define adlisignat least, a
measure of proximity, closeness or similarity [see, for a0, 11]. While some models rely
essentially on the hierarchical structure of a thesaurus, [£2§. others take advantage of
statistical knowledge [e.g., 13]. In the UMLS, we plan to explomefnition of semantic
distance combining symbolic and statistical knowledge. It is ezgdbiat the semantic distance
will provide a quantitative measure for semantic locality, &od will be used as a simpler way
to define semantic spaces.

4  ORGANIZE

Organizing biomedical knowledge is one of the goals of the UML&veder, the current
level of organization is not consistent and principled enough to $uipport reasoning. One
central aspect of this project is therefore to investigate kmowledge representation would
need to be improved to fulfill ontological requirements.

We have already investigated some problems existing in the UM ften reported them
in the literature (e.g., circular hierarchical relationshipsd adiscrepancies between
Metathesaurus and Semantic Network relationships). We also contpard®ILS to ontologies
such as Cyc or WordNet. We explored some alternative methodsgiairing knowledge. In the
future, we plan to study ontological issues such as “what needsrépfiesented?”, to explore
formalisms such as description logics for knowledge representabofyrther investigate
alternative methods for acquiring knowledge, and to compare the UML&her modern
systems (e.gQperGALEN and SNOMED-RT).

4.1 Analyzeexisting problems

Virtually any evaluative study of the Metathesaurus wittbeu$ on semantics mentions
problems such as the presence of circular hierarchical relagsnsiiconsistencies in the
categorization of the concepts, and discrepancies between theisestranture of the Semantic
Network and that of the Metathesaurus [e.g., 14, 15]. We recentlyzadakhe circular
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hierarchical relationships in the Metathesaurus. We also compdaezeconcept relationships in
the Metathesaurus to the relationships between their corresporelmgntc types in the
Semantic Network on a limited subset of concepts. In both casesuggested that these
analytical methods based on semantic principles be used in tlnsifsit helps build the
Metathesaurus, either by implementing the semantic principtestiis environment, or by
systematically presenting UMLS editors with cases that violate thasagbes.

4.1.1 Circular hierarchical relationshipsin the UMLS

The UMLS building process imposes no restrictions on the source vadgabuprior to
integrating their terms and structure into the Metathesaurushd source vocabularies,
hierarchical relationships are usually not limited to taxonomiations, but rather reflect the
way each vocabulary organizes its terms, according to its purpdeesover, the precise nature
of the relationship is mentioned in only about 25% of the cases; andjsbeosany non-
taxonomic relations are used to build hierarchies, it is not pessitdssume that a non-labeled
hierarchical relationship is probably taxonomic.

Even though they are heterogeneous, the organizational principles ugedt®hierarchies
are expected to share some fundamental characteristics, and, othibs, dompatible. The
mathematical relation associated with hierarchiespiardal ordering relation, which means that
it is possible for a concept to be hierarchically relatedstdfi{reflexive relation). However, in a
directed acyclic graph, i.e. the data structure resulting frolyhgrarchy, no path is allowed to
start and end at the same vertex, which means that, when repdeseat graph, the reflexive
hierarchical relationships create cycles of a particular kialied loops. In practice, we make no
distinction among circular hierarchical relationships on the bastheofnumber of concepts
involved in the cycles, because any cycle has similar detrih@riaequences in terms of graph
traversal.

Causes for circular hierarchical relationships in the Metathesaurusdéncl

e Granularity: terms in hierarchical relationship in a source vocabularg@msidered
synonymous in the Metathesaurus, and thus clustered into the same ,comdoept
creates a reflexive relationship (Figure 2).

[ Cellulitis
« Cellulitis (
» Cellulitis,unspecified| \ "=,
Cellulitis, g
unspecified e :
Terms UMLS
(source vocabularies) concepts

Figure 2 - Reflexive relationship in the Metathesaus

* Unspecified terms. 62,000 UMLS terms bear some kind of underspecification
marker, the most frequent being “unspecified” and “not otherwgseised”. In most
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source vocabularies, “T, unspecified” is a descendant of “T”, whilethi
Metathesaurus, since they present no difference in meaning, taegeaerally
clustered into the same concept, which creates a circular relatio(Sigipre 3).

« Fever
Fever « Fever,
l unspecified

[ Fever Fever

of unknown origin of unknown origin

Fever,
unspecified

Terms UMLS
(source vocabularies) concepts

Figure 3 - Direct circular hierarchical relationshp in the Metathesaurus

Classes, instances, and implicit data: Although in most instances, inflectional
variation of terms does not modify the meaning, in some cases, howeyelural
form refers to a class, while the singular form refersato instance, but not
necessarily of the same class. For example “purine” iseadwgiclic compound that
contributes to produce “purines” (the purine bases). There are tthatoncepts in
the UMLS for “purine” and “purines”. On the other hand, the terms “Togugc
regions” and “body region” are considered synonymous in the UMLBouwh
“Topographic regions” in the particular context of SNOMED Inteoratl actually
groups a whole range of physical anatomical entities, including “bedions”
(Figure 4). The implicit knowledge associated with a term usedparticular context
is difficult to detect and is often not recognized.

Topographic regions: General termsl(

Physical anatomical entity |

Anatomical spatial entity |

Anatomical surface |

i

« Body regions
» Topographic regions

Figure 4 - Indirect circular hierarchical relation$ip in the Metathesaurus

2 The circular relationship is reflexive when “T apecified” is a direct descendant (child) of “T”
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Other causes for circular hierarchical relationships in thettdesaurus include the presence
of metadata in terms (e.g., “HEART DISEASES” and “HEARTSBEASES: GENERAL
TERMS”), the ambiguity inherent to compound terms in many termogies (“nausea and
vomiting” being used to designate either the association of “natsé&admiting”, or “nausea or
vomiting”), and organizational conventions.

This analysis was recently submitted for presentation at thEAAinual Fall Symposium
in 2001 [16].

4.1.2 Discrepancies between Metathesaurus and Semantic Network relationships

In order to illustrate the ability and the limits of the UMB®mantic Network to provide a
conceptual framework for the biomedical domain, we designed the fofoexperiment.
Starting from a given concept, “heart”, we gathered the 3764 concepts thalbeiitstisemantic
neighborhood by exploiting a set of inter-concept relationships repegsen the UMLS
Metathesaurus. For each pair of related concepts from this setaladated the possible
relationships between the concepts using the semantic links dlefindhe UMLS Semantic
Network between the semantic types that had been assigned todhespts. Besides revealing
the semantic structure in this set of concepts, other expectdts iesluded qualifying broadly
defined relationships in the Metathesaurus, assessing alreadgdiefies, and, more generally,
by enforcing semantic rules, detecting inconsistencies iM@tathesaurus or in the Semantic
Network itself.

UMLS Semantic Network

Semantic Type tﬂ

Semantic Type

Network :
relationships Semantic Type %
’ /
Concept . Concept
categorization| . categorization
v
Conc_ept\1 Inter-concept. ., Concept 2

relationship

UMLS Metathesaurus

Figure 5 - Comparing Metathesaurus and Semantic Wetk relationships

The top part of Figure 5 represents the semantic types andatenships between them, as
defined in the Semantic Network. The Metathesaurus, a set of colingpts by inter-concept
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relationships, is represented in the bottom part of the figuretwestructures are related by
means of the semantic types assigned to the concepts in orclte¢mrize them. Therefore,
inter-concept relationships can be inferred, validated or rejecieccomparison to the

relationships defined between the semantic types assigned to the concepts.

Among the 6894 pairs of related concepts, we obtain the following results:

* In 4496 cases (65%), a semantic relation can be inferred unambigudouslythe
Semantic Network. The semantic relation inferred allows us &rrdéete inter-concept
relationships whose attribute was not defined in 2515 of these cade®, eonfirm the
validity of the relationship attribute in 1981 of these cases.

* In 1491 cases (22%), multiple semantic links exist betweeseimantic types of the two
concepts, leading to several possible attributes for these inter-corlagphships.

* In the remaining 907 pairs (13%), the inter-concept relationshipeseqra violation of
the Semantic Network. In 372 pairs, there is no semantic link betlweeemantic types
of the two concepts. In 415 pairs, the inter-concept relationship is nqtatibie with
that of the corresponding Semantic Network relationship. Finally, in fgi, the
attribute of the inter-concept relationship is not compatible wtik semantic
relationships allowed between the semantic types of the two concepts.

This method helps detect discrepancies between the semanticsMétdteesaurus and the
semantics expressed by the Semantic Network. Automatic aetdwdlips limit the need for
human review by focusing on conflicting relationships that violaesemantic rules. One major
cause for such a violation is somewhat artificial: conceptis ant abstract semantic type (e.qg.
“Classification”) may have related concepts having a concesteastic type (e.g. “Body Part,
Organ, or Organ Component”). These types would be unrelated in thentteetwork. The
relationship of “heart: general terms” to “right side of hedudf example, violates the Semantic
Network for this reason. Another source of problems is that pariomgiationships gart of)
are considered associative in the Semantic Network, while iry maadlical vocabularies they
are used hierarchically. Frequently occurring semantic distcegsa may also help identify
missing semantic links in the Semantic Network. For exampleetagonship of “chest pain” to
“thorax” violates the Semantic Network, since tbeation ofrelationship has not been defined
between a “Body Location or Region” and a “Sign and Symptom”.

This study is part of the book “Semantics of Relationships” to be published in 2001 [17].

4.2 Compareto existing ontologies

The UMLS is sometimes presented as an ontology of the biometboaéin. Such an
expectation is far beyond what the UMLS has been designed faralA¢ as we mentioned
earlier, although it provides a representation of the biomedical domatable for some
applications such as information retrieval, the UMLS does not saalgsfulfill ontological
requirements. Being created from the bottom-up, i.e. integratingtirexi biomedical
vocabularies without imposing any restrictions, the UMLS caanfiirceontological principles.
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Nevertheless, the UMLS having the potential of providing the basisrfoontology of the
biomedical domain, we explored its compatibility with other ontologies.

We selected two widely distributed ontologies for they remptesarguably, two major
aspects of what an ontology is expected to provide: Upper Cyc @Qutaled WordNet. The
choice of Cy€ was motivated by the fact that it provides a sufficient gérgpunding, while it
may encompass microtheories. The structure of Woft/\etthe other hand, is closer to that of
the Metathesaurus (terms, concepts, hierarchies), and WordNet esagtommon sense
knowledge.

By investigating ontologies outside the biomedical domain, we woutdali&o to reach out
the medical informatics community, and to develop exchanges with conesumvolved in
ontology and terminology.

4.2.1 Comparing terms, concepts and semantic classesin WordNet and the UML S

We designed a study to compare how a general terminologistdns (WordNet) and a
domain-specific one (UMLS) represent linguistic and knowledge phena at three different
levels: terms, concepts, and semantic classes. For one gadassa{ANIMAL) and one domain-
specific class (HALTH DisorRDER, the set of concepts corresponding to the class was
established. Then, for each semantic class, the correspondingviermsmapped from one
system to the other, both ways.

Only 2% of the domain-specific concepts from UMLS were found indNet, but 83% of
the domain-specific concepts from WordNet were found in the UMLS. €pprawverlap between
the two systems varies from 48% to 97%.

This comparison reveals missing terms in both systems. Besitkems specific to the
medical domain, the UMLS contains specific terms for concepts fomnboth systems,
including inverted terms (e.g., “Epilepsy, generalized”), and terminedpggific terms (e.g.,
“Generalized epilepsyithout mention of intractable epilegdyOn the other hand, WordNet
also has disease terms that are not found in the UMLS. Thesedszrgenerally lay synonyms
(e.g., “kissing disease” for “infectious mononucleosis”). This phenomenoinpotential interest
for augmenting lay terminology in the UMLS, with applicationconsumer health projects, for
example.

This study will be presented in June at the NAACL workshop “Wetdhhd other lexical
resources: Applications, extensions, and customizations” [18].

4.2.2 Mapping the UML S Semantic Network into General Ontologies

We analyzed the compatibility between the UMLS Semantic Syped two general
ontologies: Cyc and WordNet.

Descriptions of the semantic types in the Cyc formalism wertormed manually, using the
hierarchical relationships available in Cyc. Additional Cyc aaieg were used as required to
insure consistency. The relationship between a given semantic tygpel The closest Cyc
concept U was eitheBimilarity if T had an equivalent U, dDverlap if there was a partial
overlap between T and U (T and U being compatible and having a aosupertype). One fifth
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of the UMLS semantic types had exact mapping to standard Uppe©ftgtogy. Despite its
lack of depth in the biomedical domain, Cyc provides generic conceptssandiare that relies
on more numerous, more richly organized categories,.

The mapping of UMLS and WordNet classes was based on compagirsgtdhof concepts
that are subsumed by a given semantic type in the UMLS, arskth@f hyponyms of a given
synset in WordNet. We focused on two classeeMAL , which is a general class, supposed to
be similarly represented in both systems, amdifiH DISORDER which is a typically medical
class. 2% of the UMLS concepts from theAdTH DISORDER class were present in WordNet,
and compatibility between classes was 48%. WordNet, as a gearggahfe-oriented ontology
is a source of common sense knowledge and lay terms, particutgrbrtant for consumer
health applications.

This analysis was recently submitted for presentation at thEAAinual Fall Symposium
in 2001 [19].

4.3 Explorealternative methods to acquire knowledge

Although the Metathesaurus comprises an extensive collection ctorieept relationships,
not all possible relationships are represented, and, when theheauggture of the relationship
(e.q., isa, location o) is explicitly mentioned in only about 25% of the cases. Therefore,
knowledge acquisition from other sources or by techniques other thanubeddo build the
Metathesaurus is expected to help discover missing relationships)las validate and qualify
existing ones.

The comparison of relationships at two levels of the UMLS (in #ragditic Network and in
the Metathesaurus) presented earlier (4.1.2) provides a proof oéptorelying entirely on
UMLS data. Statistical knowledge (e.g., the co-occurrence @HVidescriptors in MEDLINE
citations) can be seen as an alternate source of inter-contapinghips, whose semantics
needs to be made explicit. We also explored the acquisition of hypongiations using lexical
techniques (adjectival modification).

4.3.1 Lexically-suggested hyponymic relationships

Among the various methods for identifying thesaurus relations fratnctepora, methods
based on head modifier relation are interesting in the context dicaheterminologies,
especially for those terms which differ from one another by only modifier. Adjectival
modifiers play a particular role because they usually introdutgponymic relation. This study
focused on comparing lexically-suggested hyponymic relatiomsng medical terms to inter-
concept relationships represented in the UMLS Metathesaurus.

A set of 63,000 medical terms from SNOMED International wastglerepresenting terms
for diseases and procedures. Adjectival modifiers were identffiech these terms, and
transformed terms were generated by removing modifiers fronorigaal terms. Candidate
hyponymic relations were then tested against inter-concepibredhips recorded in the UMLS
Metathesaurus.
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In 50% of the cases, suggested hyponymic relations were prasetite UMLS
Metathesaurus. In 25% of the cases, the original term and tistomaed terms were “siblings”
in the UMLS. In the remaining 25%, no relationship was recordeldeirtJMLS between these
two terms.

The lack of relationships observed in the UMLS Metathesaurus was analyzed.

e Lack of organization within a source vocabulary. As an example of this
phenomenon, although “acute infantile eczema” is a hyponym of the terms
“acute eczema”, “infantile eczema” and “eczema”, only thegicsship to “disease of
the skin and subcutaneous tissues”, provided by SNOMED, is representteel in
UMLS for “acute infantile eczema”.

* Lack of links across vocabularies. Although the partially organized list of terms
from SNOMED acquires an additional structure through relationshigsimatied by
other source vocabularies or by the UMLS editors, specialized tiah appear only
in one vocabulary (e.g. “acute infantile eczema”) sometimkewofae linked to some
hypernym.

* Underspecified terms. The UMLS Metathesaurus provides several examples of
confusion between the generic concept represented by a term T anosthieequent
meaning of T. This phenomenon is extremely frequent in the biomedboahin,
where numerous modifiers are implicit in medical terms. Formgia “hip
dislocation” and “acquired hip dislocation” are synonyms in the Mesailrus while,
in fact, hip dislocation may be either congenital or acquireddayntatism, even if
the typical, most frequent form for hip dislocation is traumatis. & result,
“congenital hip dislocation” becomes a hyponym of “hip dislocationhilev
“acquired hip dislocation” is a synonym of “hip dislocation”. In aiddit “congenital
hip dislocation” also becomes a hyponym of “acquired hip dislocatiahich is
incorrect.

Missing synonymy and the existence of micro-relations (cloperyms clustered into the
same concept synonyms in the Metathesaurus) also particgatee tlack of relationships
observed in the UMLS.

We proposed some methods for automatically assessing the sugggsiagnhic relations
are proposed. Alternatively, this method could be integrated in thatisturus production
environment: Lexically-suggested hyponymic relations could beccaneidaate hierarchical
relationships to be reviewed by the UMLS editors.

This study was recently presented at the Fourth Conference omifibdbogy and Atrtificial
Intelligence” in Nancy, France [20].

4.4 Research directions

As we mentioned earlier, the issue of organizing biomedical knowlesdgentral to this
research project. As a general goal, we plan to develop methoddrémtiag from the UMLS a
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subset of terms, concepts and relationships compatible with ontolpgiceiples. This effort
can be thought of as complementary, from an ontological perspetdiwvehat we proposed
recently for selecting useful strings from the UMLS, fr@nnatural language processing
perspective [21].

In practice, we plan to study what needs to be represented in@agynof the biomedical
domain. In the UMLS, some complex terms do not correspond to a simgleimg but are
nevertheless represented as concepts. These “concepts” must eptesented in an ontology.
More generally, we plan to investigate if compositionality would titarte an alternative to term
precoordination. A “core” Metathesaurus, comprising only all atomoncepts and the
precoordinated concepts sanctioned by usage, is expected to result fronothis eff

Another goal will be to validate, refine, and augment the oslaliips represented in the
UMLS. Alternative sources of knowledge will be used for the vabdavf UMLS knowledge
including other systems (e.@perGALEN and SNOMED-RT), other methods (e.g., statistical
methods, lexical techniques, and semantic interpretation). Finallglaneo explore formalisms
such as description logics as a way to improve the representation of knowledge inLitie UM

5 VISUALIZE

Making medical knowledge available to applications and making it sibbesas well as
navigable to users share some common issues. These issues induciagreomplexity,
providing consistent views across the domain, and extending the views provided to the domain i
order to fit specific needs.

Several tools have been developed for accessing and visualizing dith. MetaCafdhas
made it possible for users to browse the content of the Metathesaneasits first version in
1990 [22]. Developed later, the Knowledge Source S&r(i8S) allows users to browse
through a web-based interface, and manipulate through an applicationnprogeainterface
(AP1), virtually every bit of information in the UMLS [23]. In ord& circumvent some of the
limitations of KSS, we have developed an object-oriented model faripolating UMLS
knowledge as well as a browser for displaying and navigating this knowledge.

5.1 Object-oriented model for representing semantic locality

The representation of meaning in the UMLS allows users toalafid explore the semantic
space surrounding a given concggl. The various semantic links among concepts represent
one of the organizing principles of the UMLS: semantic locdlis]. The dimensions of
semantic locality include term information (synonymy, hypemymyponymy), contextual
information in a particular source, co-occurrence of terms in tediaal literature, and the
categorization of the concepts in a Semantic Network. Figure 6ssh@ubset of the semantic
space for the concept “Heart”, based on the principles of semantic locality.

% umlsks.nlm.hih.gov
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Figure 6 - Semantic space for the concept “Heargidrtial representation). Numbers refer to the freguncy of co-
occurrence in MEDLINE between “Heart” and other carepts, when available

The integration of UMLS data into an application remains difficutbloee KSS gives access
to UMLS data through predefined queries but does not provide an infornmatdel. We
developed an object-oriented model in which the semantic featurdse dINILS are made
available through four major classes for representing Megatirus concepts, semantic types,
inter-concept relationships and Semantic Network relationships. additsemantic methods
for reducing the complexity of the hierarchical relationshiggresented in the UMLS are
implemented, including methods for performing the transitive reducticm grfaph of UMLS
concepts. This model is used internally at NLM in a variety of applications, drzevaresented
at MEDINFO’2001 [26].

5.2 UMLS Semantic Navigator

In KSS, the presentation of contextual information from the Metathas tends to reflect
the organization of terms in the source vocabularies. For exampiachieally related concepts
are presented as lists of indented terms, one list for each vagabsilag this term. Instead of
multiple trees, the semantic structure of the UMLS can bealied as a graph in which
concepts are the nodes and inter-concept relationships are the liwerietodes. The graph
structure offers a unified view of the context (Figure 6).
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We developed an experimental semantic navigation tool — the UMLSnBerNavigator —
that is less comprehensive than KSS, but offers alternative yigpld navigation features,
suitable for knowledge exploration. This tool accesses UMLS dataghrthe object-oriented
model presented in section 5.1. Through a web-based interface, thg gigislaa concept at the
center of the screen and organizes related concepts on the pe(ipigere 7). Siblings, other
related concepts, and co-occurring concepts are displayed asvhdts hierarchically-related
concepts are represented graphically, using Gragh&igraph visualization tool. Every concept
presented on the screen is a hyperlink, so that a click on theptonoees it to the center of the
screen and displays the related concepts corresponding to itstiseloeality. Lists of related
concepts are organized by semantic groups [27]. Several editions OMb8 are available
online. Additionally, a transitive reduction can be performed on the grapteddrchically-
related concepts in order to reduce the conceptual complexity. Mh& $emantic Navigator is
available to UMLS licensegsand was presented at the AMIA Annual Fall Symposium in 2000
[28].
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Figure 7 - UMLS Semantic Navigator

* www.research.att.com/sw/tools/graphviz/
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5.3 Research directions

As we said earlier, an important task of data visualization sisnsf selecting relevant data.
This is especially true of co-occurring concepts. The distributionthef frequency of co-
occurrence usually shows a long tail, which means that a large naibencepts co-occur a
small number of times. As part of our study of co-occurrence &Hvigescriptors in MEDLINE
[started with a focus on semantics, see 9], we plan to furthBrzants statistical characteristics.
An expected result is to restrict the list of co-occurring cptsce® those that are relevant to the
context.

We also plan to develop methods for visualizing the possible paths beteweeepts in the
Metathesaurus, reflecting underlying polyhierarchical structucgs possibly, various
combinations of hierarchical and associative relationships.

6 UTILIZE

Although many of the studies developed as part of tE®IGAL ONTOLOGY RESEARCH
project have their own evaluation component, utilization of the methodslgodthms we
created can be seen as an ultimate form of evaluation. Additiptiadlyutilization in other
projects of the resources developed here allowed for rapid feedbacknasdme cases,
refinement.

6.1 Indexing Initiative

Our interest in semantic locality and semantic spaces wagmllgctriggered by our
participation to the Indexing Initiative project [29]. In this proje@rious methods are used to
extract UMLS concepts are MEDLINE citations. These concegtdhen restricted to MeSH
descriptors which, once ranked, constitute a set of indexing terntisefdlocument. Our task in
this project was to restrict UMLS concepts to the MeSH vocapulssing the principles of
semantic locality on which the UMLS is based [30]. The major coepoaf the Restrict to
MeSH algorithm consists of building the graph of the ancestorgiwea UMLS concept C, and
selecting from this graph the concepts that belong to the MeSH vacalinid whose semantic
distance from C is minimal. This algorithm can be tuned fronmiet shode (find only relevant
MeSH terms, but with large number of failures) to a relaxedlen(find all possible MeSH
terms, some of them being not relevant). The method used in thenigdieitiative is a medium
mode in which the selected MeSH terms are intended to bediléer@ clustered according to
additional information such as the frequency of each term in theestaxicand how often these
terms co-occur in the medical literature. Related MeSHrig@scs are found in 75% of all
UMLS concepts. A table associating MeSH descriptors to UMLS conceptsdigged each time
a new version of the UMLS is released.
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6.2 Clinical Trials Database

In patient- or consumer-oriented health information systems, ascthe Clinical Trials
databas® condition terms are indexed by broad disease categories stiEgeaBiseases” or
“Parasitic Diseases,” allowing users to navigate the systebrowse mode. A condition term
may be assigned to several disease categories, increhsimpgssibility of retrieving a given
condition from different categories. For example, the term fednmedulla neoplasm” (a tumor
of adrenal gland) could be assigned to both “Endocrine Disease$Nan@dlasms” categories.
Dynamic systems in which data may be added on a continuing bgsiser condition terms to
be classified automatically, with no misclassified conditions famdnon-classified conditions.
We developed a method whereby specific disease names (or, morallgenames for medical
conditions), referred to as condition terms, can be automaticaligifodal into broad disease
categories. Instead of using statistical classificatiechriques, we decided to exploit the
semantic properties of the UMLS and to explore the possibilityushg inter-concept
relationships in the UMLS to select disease categories fourek isemantic vicinity of a given
condition term. This approach had already been used successfully in the Indéitigd (6.1).

In order to automatically classify condition terms into broadadisecategories, we reused
and combined three existing components: 1) Mapping terms to UMLS pten@@ Restricting
UMLS concepts to MeSH; and 3) Mapping MeSH terms to disestsgaries. When applied to
condition terms from the Clinical Trials database, this metlsstjaed relevant categories to
92% of the 1823 condition terms encountered. 135 (7%) failed to be clhssitiel14 (.77%)
were misclassified. This approach of using UMLS semantics &ssification purposes was
presented at the AMIA Annual Fall Symposium in 2000 [31].

6.3 Research directions

Several refinements could be explored to refine the Restrictet®HValgorithm. Using the
metaphor of stop-words in natural language processing, stop-conuaylts be used for
preventing wrong mappings from happening. Conversely, missingioradhips in the
Metathesaurus are known to prevent useful mappings from happeningxdfople, knowing
that adjectives in the Metathesaurus are often representaddesinct concept rather than
clustered with their nominal equivalent, with no connection to it, we asggdhominalization of
adjectives for creating the missing links. Finally, although rél&teSH descriptors based on the
“other” relationships (essentially associative, not hierarchiaed less likely to be relevant,
instead of not using them at all, we could take advantage of explapping relationships
recorded in the UMLS, one component of the “other” relationships.

Ultimately, when a semantic distance will be available inUWhLS, it should provide a
guantification of semantic locality. The Restrict to MeSH atbor is thus expected to take
advantage of the semantic distance. We also plan to genehadizdgorithm so that it finds the
closest concepts not only in MeSH, but in any vocabulary integrated in the UMLS.

® ClinicalTrials.gov
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Other projects developed at NLM could take advantage of an improveseefation of the
semantics of biomedical concepts. For example, in the Semantic &dgeviRepresentation
project (SemRep), only relationships among semantic types iBdimantic Network are used
for reasoning. Collaboration between SemRep asdihL ONTOLOGY RESEARCHIs planned to
study how interpretation could take advantage of selecteddoteept relationships from the
Metathesaurus as well. More generally, we expect to exploimtthods developed in this
project for providing the background knowledge needed for semanticseepadon and
knowledge processing.

7  Futureplans

Among the multiple research directions mentioned earlier towavwetlaj@ng methods
whereby ontologies could be acquired from existing resources, we set the folprioinies:

* Semantic distance, as a quantification of semantic locality beil researched in
priority since it has practical implications in other projeatshsas the Indexing
Initiative. A model is expected within a year.

» Compositionality and other issues related to what types needréptasented in an
ontology of the biomedical domain are mid-term goals.

* Finally, validation against other knowledge sources and evaluation luéttar-
organized knowledge structures for biomedical knowledge processing.

Tasks such as exploring other systems or investigating altermaethods for knowledge
acquisition will be conducted in parallel, as needed.

8 Summary

The UMLS is an extensive source of biomedical concepts. It alsadeoai large number of
inter-concept relationships and qualifies for a source of semapdices in the biomedical
domain. However, the organization of knowledge in the UMLS is not pretipbr consistent
enough for it to qualify as an ontology of the biomedical domain. Itr#dition of the UMLS,
the approach we propose for going toward an ontology consists ohgefime definition and
organization of the existing semantic space. Both basic and appsedrek is needed to
augment and better organize knowledge in the UMLS. A sound, ontologirekeatation of
biomedical knowledge is expected to enable tasks such as reasamiegtly hardly possible
with the UMLS, while improving the performance of tasks alresutyported (e.g., information
retrieval).
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